Pesquera (IFAPA) «El Toruño» (El Puerto de Santa María, Cádiz, Spain) (Anguis and Cañabate, 2005) . A protocol is also available that ensures a high larval survival rate (Cañabate and Fernández-Díaz, 1999; Imsland et al., 2003) . However, this survival rate depends on the quality of the feed provided (Estévez, personal communication) . Many pathological problems can arise during ongrowing (Padrós et al., 2003; Toranzo et al., 2003) , most of which seem to be related to high water temperatures (above 22-24ºC); the optimum temperature for this species is around 19-20ºC (García García et al., 2004a) . In the Mediterranean, the wide mean annual range in sea temperature (14-26ºC) and in air temperature (which can directly affect the temperature of aquaculture tanks) seem to be the main factors limiting the success of ongrowing plants. A possible short and medium-term solution could be to ongrow sole in tanks using pumped well sea water to ensure a constant temperature throughout the year.
The aim of this work was to develop a mathematical viability/profitability model for estimating the minimum values of the production-linked economic variables associated with successful sole ongrowing (García García, 2001 ) (which remain undefined for commercial operations) in onshore plants using pumped well sea water at 19-20ºC. These variables include, for example, the maximum ongrowing load, the final sale price, the cost of juveniles and feed (both influenced by mortality rates, which may vary considerably in sole), and the costs of supplying energy and oxygen (which are considerable in land-based facilities) (García García et al., 2004b) .
Material and Methods
Four theoretical land-based, intensive ongrowing facilities were designed, each with a different stocking density (10, 20, 30 and 40 kg m -2 ) and annual output; these were then evaluated economically.
Three batches of juveniles were introduced into each of the four plant models to ensure the availability of commercial-sized samples throughout most of the year. These juveniles were assumed to have a mean body weight of 5 g and that they would be kept in 5 m diameter pre-ongrowing tanks before being passed to 12 m diameter polyester ongrowing tanks. Based on the experimental growth results of Rodríguez and Souto (2003) and an operating temperature of 19ºC, the duration of each production cycle was estimated at 12 months. The number of ongrowing tanks assigned -88-was the same in each plant, whereas the number of pre-ongrowing tanks varied from 22 to 86 (Table 1) since the number of juveniles also varied with the final cultivation load. The ongrowing tanks were assumed to be kept outdoors and fitted with a lid consisting of a galvanised iron frame covered with double plastic mesh. The pre-ongrowing tanks were assumed to be housed in an industrial warehouse. In all cases they were to be filled with pumped well sea water at a constant temperature of 20ºC (coinciding with the optimum temperature for sole growth). Liquid oxygen was used to reduce the costs of pumping. The flow rates and oxygen needs were calculated according to the oxygen consumption equations for the species (García García et al., 2004a) . Calculations were then performed to determine the dimensions of the inlet and outlet pipes.
Data from a variety of sources were used for the construction of the model and for calculations, including information available in the public domain, in research papers, from administrative bodies, and from aquaculture companies. The technical characteristics and costs of production were obtained from different suppliers (Corelsa, Acuitec S.L., Disaplast S.A., among others) and from official price data bases (Official College of Architects of Madrid for construction materials, the Polytechnic University of Valencia for agro-food prices, etc.).
All the plants were designed with the same multipurpose building, a pumping shed, a tank warehouse, machinery and equipment, etc. Table 2 shows the initial theoretical investment made (K), including equipment, machinery and sundry costs (e.g., buildings, building licences and construction work, etc.). This varied between 2 and 3 million € (Table 2) . A significant and direct relationship was assumed to exist (and was in fact confirmed) between the stocking density (SD) or plant type and the investment required ( Fig. 1 Sole production is intensive and requires the use of a commercial feed. According to Rodríguez and Souto (2003) and Chereguini et al. (2004) , a conversion rate of 1 (CR1 = 1) might be expected. However, the sole is a bottom feeder and shows little activity when feed is supplied, and at least 20% may be lost in industrial ongrowing plants. The conversion rate therefore becomes 1.2 (CR2 = 1.2). In addition, the conversion index is affected by mortality. Since no data are available concerning mean survival rates for sole in industrial conditions, calculations were made for rates of between 60 and 100%, and conversion indices (CR3) were calculated using the equation:
where LJ is the feed consumed by the surviving fish (CR2), DJ is the feed consumed by the lost fish (assuming a mean weight of 200 g), and BP is the biomass produced. The price of commercial feed was 1.5 € per kilo [including value added tax (VAT)]. Table 3 shows the effect of survival on the conversion rate and feed cost per kg of sole produced (C F ).
To determine the costs involved in pumping the water and the liquid oxygen supply (C O ), oxygen consumption (OC) models designed for sole were used (García García et al., 2004a García and B. García García / Span J Agric Res (2006) 4(4), 304-315 1,500,000 2,000,000 2,500,000 3,000,000 3,500,000 4,000,000 4,500,000 ). The cost of juveniles per kg of sole produced (C J ) also varies with survival. Table 6 shows how survival affects this cost. The cost of juveniles was set at 1.00 € unit -1 (including VAT).
Sensitivity analysis
The net present value (NPV) and initial rate of return (IRR) were calculated; these economic indices characterise any investment made in stock raising (Romero, 1985; Alonso and Iruretagoyena, 1992; Muñoz and Rouco, 1997) , aquaculture (García García, 2001) , and indeed many other activities (Peumans, 1977; Mao, 1986) .
The NPV indicates the net gain generated by the project, and is calculated by subtracting the monetary units invested from the suitably homogenised total of monetary units the investment provides the investor. If the investment is not fractionated, the algebraic expression for a given homogenisation factor (interest rate) will be:
where Rj is the cash flow originated by the investment in year j, n the total number of years of the project, and i the interest rate. Thus, when a project has a NPV greater than zero, it can be said that it is financially viable at the given interest rate. If, on the other hand, the NPV is negative, the project is not viable and should not be undertaken; its execution will provide the investor with a lower number of monetary units than those invested in it. The NPV is therefore a measure of the absolute profitability of an investment.
The IRR considers the investment made as if it were a loan of K monetary units (initial investment) which a given economic agent (the investor) lends to an abstract entity (the project), and is useful for determining the interest rate that the lender can obtain on his loan. The IRR acts as a type of indicator of the efficacy that an investment represents for the potential investor (Romero, 1985) . This interest rate, λ, should satisfy the following if the investment is not fractionated:
To perform the sensitivity analysis, the variables used were investment (K), the cost of pumping the water and the liquid oxygen per kg sole produced (C O ), the cost of feed per kg of sole produced (C F ), the cost of juveniles per kg of sole produced (C J ), and the sale price in € kg -1 (SP). Table 7 shows the pre-established ranges for these variables; 243 possible alternatives (3 5 ) were generated for each plant. The margins of the variables have been adjusted to be as representative as possible; the most important variables were provided with a wide range (± 20%) because of their possible effect on the outcome. Multiple regression analysis led to the following equation:
where Y is the NPV or IRR, and a, b, c, d, e and f are constants derived from the model (García García, 2001; García García et al., 2004b) . Results Tables 8-11 show the out-payment and in-payment flow for year 2 in the econometric model and thereafter, based on the initial hypothesis laid out in Table 7. A mean price of 11.5 € kg -1 was set for inpayments. Table 12 shows the cost analysis using the mean values of the variables considered. The production costs relative to the starting costs (mean values of the ranges established for the variables) varied from 9.89 € in Plant A to 8.24 € kg -1 in Plant D; thus, for a sale price of 11.5 €, the B/K index increases from 7.50% to 38.84%.
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The equations obtained from the results of the multiple regression in the econometric analysis are as follows: -Plant A (Production 100 Mg year -1 ; stocking density 10 kg m 
Discussion
The area required by the plants varied between 3.5 and 3.9 ha, depending on the stocking density. As with turbot, the ongrowing of sole in land-based tanks involves a large area because of the bottom dwelling behaviour of the species (a problem for the Mediterranean coast where this activity has to compete with others -particularly construction-for the limited 310 J. García García and B. García García / Span J Agric Res (2006) 4(4), 304-315 land available). Plants would also have to be close to a source of sea well water of sufficiently high quality, which also reduces the number of possible sites. Table 13 shows that the relative cost of depreciation (fixed) and the relative cost of personnel diminish with increasing production capacity, i.e., a scale economy applies, as with species as different as sea bream (Gasca-Leyva et al., 2001; García García et al., 2006) , tilapia (Vera-Calderón, 2003) or cat fish (Keenum and Waldrop, 1998) . Consequently, the remaining costs take on greater relative importance, especially the cost of juveniles and personnel. In the case of the 400 Mg year -1 plant (D), these represented 61.95% of the total production cost. The relative cost of electricity for pumping and liquid oxygen, about 9% of the total in all cases, was very similar to the 8.20% calculated by García García (2001) for the onshore production of 200 Mg of sea bream. In the same work, depreciation represented 6.09% of the investment, which contrasts with the 8.26% of Plant B (200 Mg year -1 ) (Table 13) . This difference can be explained by the large areas needed for ongrowing sole and the larger infrastructure necessary. Comparing the onshore cultivation of sole with the offshore cultivation of the most widely cultivated species in the Mediterranean (gilt head bream) for the same size plant (see Gasca-Leyva et al., 2001; García García et al., 2006) , offshore plants would involve much lower depreciation: 6.15% for 400 Mg year -1 of sole and 3.15% and 4.20% for gilthead bream. Further, ongrowing gilthead bream in sea cages involves no electrical pumping costs.
According to the cost analysis (using the mean values of the different variables - Table 7 ), the break-even point for the business coincided with the absolute or relative production costs. In the case of Plant A, this cost was 9.85 € kg -1 , which is near the sale price of 11.50 € kg -1 . This implies a B/K index of 7.50%, which is not a very sound investment when considering the high risks involved and the alternative of risk-free flat rate bank accounts. Plant B, on the other hand, with its load of 20 kg m -2 , relative cost of 8.79 € kg -1 and B/K index of 20.88%, is more attractive to the would-be investor -although much would still depend on the sale price. In the short and medium terms, therefore, production costs would need to be strictly controlled to compensate for a drop in the sale price due to an increase in supply. Plants C and D are certainly interesting from an investment point of view.
In sensitivity and econometric analyses, each farmer can use the variables that refer to his/her particular objectives. In stock raising, the NPV and IRR may depend on more general variables, e.g., for dairy cattle the important variables are investment and cash flow . However, in still-emerging production activities such as aquaculture, the number of variables is higher since certain production data (cost of feed and juveniles, sale price, etc.) are as yet not well determined. For this reason, this work, and that of Thacker and Griffin (1994) who studied red drum (Sciaenops ocellatus), set out to determine the values associated with variables such as growth, mortality, sale price and feed price.
Based on the equations obtained, a number of situations were simulated (Figs. 2-7) , from which the main conclusions of the present work were drawn. The minimum value of the IRR estimated to be economically interesting for this activity was 13-16% (since aquaculture in general is considered a business of considerable risk). The ongrowing of sole in land-based plants using well water with a constant temperature throughout the year (19-20ºC) may be profitable in the Mediterranean 312 J. García García and B. García García / Span J Agric Res (2006) 4(4), 304-315 area, although the activity is limited by the amount of space needed and the availability of marine wells with water of sufficient quality. However, the cultivation load must be above 20 kg m -2 , survival must exceed 80%, and the sale price must be at least 11 € per kilo. Production costs must be optimised in case the sale price drops.
Plant type A (stocking density 10 kg m -2 ) was not economically viable even with a sale price of 13 € kg -1 and 100% survival (which is not very likely).
Plant type B (stocking density 20 kg m -2 ) was viable, but this depended very much on the sale price; below 10.50-11 € kg -1 the investment would be questionable. Production costs would need to be strictly controlled, particularly the cost of juveniles and feed. Further, a survival of > 80% would be necessary and the sale price could not drop below 11 €. If the sale price reaches 12 €, a 70% survival rate would be acceptable. If, on the other hand, the price dropped to 10-11 €, the price of juveniles could not exceed 0.7-0.9 € per unit (incl. VAT) and feed 1.3-1.4 € kg -1 or the conversion rate would increase. In any event, the cost of feed and obtaining juveniles would need to be kept as close as possible to the lower limits of these ranges.
Plants of types C and D would be highly profitable, though their characteristics might be rather optimistic since no studies exist that confirm a load of 30-40 kg m -2 can be achieved without a significant reduction in growth, or whether a 70-80% survival rate can be sustained.
In conclusion, the results suggest that the ongrowing of sole in the Mediterranean area is not likely to reach the production levels associated with gilthead bream, and that farms could only be established in very specific areas. In the case of a developing and expanding sector such as marine aquaculture, econometric models can be very useful for determining under which conditions ongrowing can be profitable.
